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Short Time Effect of Caffeine on Heart Rate Variability and the Effect of Acupuncture at
Neiguan (PC6): A Randomized Double Blind Pilot Study

Hyeon-suk Jeong, Chang-sop Yang, Ji-sung Nam, In-soo Jang, Lak-hyung Kim* Eui-seok Seo

Department of Internal Medicine, *Department of Oriental Neuropsychiatry,
College of Korean Medicine, Woosuk University

ABSTRACT

Objectives : This study was to investigate the short time effect of caffeine on heart rate variability(HRV) and the effect
of Neiguan(PC6) acupuncture stimulation on HRV.

Methods : 27 healthy adult volunteers were randomly allocated to two groups: Neiguan group (N=13) or placebo group
(N=14). The study was carried out under a randomized double-blinded placebo-controlled trial method. Each group orally
received the same tablets with 200 mg caffeine. After 1 hour, acupuncture was applied to the Neiguan(PC6) points for the
Neiguan group, and for the placebo group was applied to a non-acupuncture point. Both groups were estimated with HRV 3
times, before and after caffeine ingestion, 20 minutes after acupuncture stimulation.

Results : After taking caffeine, pulse rate, mean-HRV, and pNN50(the proportion derived by dividing NN50 by the total
number of NN intervals) decreased, SDNN(standard deviation of all normal-to-normal (NN) intervals), RMSSD (the root
square of successive differences), TP log, HF (high frequency). and HRV index was increased. There were significant changes to
the autonomic nervous system after taking caffeine. There were no significant differences between the two groups after
acupuncture at Neiguan.

Conclusion : Caffeine could induce general activation of the autonomic nervous system. Neiguan acupuncture stimulation
may not have significant influence on the autonomic nervous system.

Key words : Caffeine, Heart Rate Variability, Neiguan (PC6), Acupuncture, Autonomic nervous system
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Assessed for eligibility
(N=27)

Randomized in a 1:1 ratio
(N=27)

. QERFA . LIX|A . AFO| . ZiEbs

(= K=

Naigwan group
(N=13)

Allocated to and received
intervention
(N=13)

Lost to follow-up(N=0)

Discontinued intervention:
adverse event
(N= (‘))
Analysed
(N=13)
Excluded from analysis
(N=0)

Fig 1. Flow Diagram Enrollment and Outcome.

Table 1. General Characteristics.

Placebo group
(N=14)
Allocated to and received
intervention
(N=14)

Lost to follow-up(N=0)

Discontinued intervention:
adverse event
(N =‘0)
Analysed
(N=14)
Excluded from analysis
(N=0)

Naegwan group

Placebo group

M:F 11:2

2492 + 3.68
67.75 £ 9.55
171.83 £5.73

Age (years)
Weight (kg)
Height (cm)

410
26.29 + 2.76
60.00 £ 13.21
168.21 + 9.17

Values were number or meantstandard deviation

2. Caffeine =& M= AEHH0|= H3}

+7+2] Baseline HRVE Table 29} 2o, 719
o B8 AL 7 fog W gl AAE
7t caffeine 2843 HRVE A3 A= Table
3% #& Z#E Hdh Mean-RR, SDNN,
TPlog, HRVindex, HF, RMSSD, SDSD& E-&=
$28A Z71slgdeh. Mean-HRVE pNN5OS
o5 A3k

738 Al =24
RVE #A3s A3} Table 49}
4 S p0.05E 3HE
d HAE 2AFAME A AE AF o5
H

A3 o4 Qe WHE wolk e ggn,
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Table 2. Baseline HRV.

Neiguan group

Placebo group

TP

HF

LF
SDNN

1547.01+1189.86
5.68+0.99
6.02+1.03
39.68+15.56

1540.12+873.62
5.730.85
5.74+0.78
42.13£12.02

Values were number or meantstandard deviation.
TP:Total power: HF:high frequency: LF:low frequency: SDNN:SDNN:standard
deviation of all normal-to-normal (NN) intervals

Table 3. Comparision of HRV on before and after taking caffeine.

Item of HRV before taking caffeine after taking caffeine p-value
Mean-RR 855.95+123.95 951.54+133.56 0.000*
Mean-HRV 71.56£10.60 64.309.40 0.000*

SDNN 40.95+13.63 48.94+13.53 0.001*
TPlog 7.13+0.69 7.43+0.60 0.008*
HRVindex 19.30+6.02 23.00+6.18 0.002*
pNN50 63.59+15.93 54.62+13.64 0.000*
HF 5.66+0.91 6.09£0.78 0.007*
RMSSD 29.28+15.58 40.00+19.24 0.000*
SDSD 35.98+17.72 48.69+22.22 0.000*

Values were number or meantstandard deviation.

SDNN:standard deviation of all normal-to-normal (NN) intervals:TPlog:log-transformed total power:pNN50:the
proportion derived by dividing NN50 by the total number of NN intervals: HF:high frequency:RMSSD :the root
square of successive differences:SDSD :standard deviation of differences between adjacent NN intervals:

Statistical significances were calculated by Wilcoxon's signed rank test. * p<0.05

Table 4. Comparision of HRV on Naegwan group and Placebo group

Naegwan group p-value Placebo group p-value
Before After Before After

Mean-RR 925.97+164.62 048.48+143.02 0.173 975.27496.96  1002.73+95.55  0.041*
Mean-HRV 66.66+11.60 64.60+9.71 0.064 62.11£6.45 60.34%5.68 0.035*
HRVindex 22.02£6.40 24.99+8.04 0.046* 18.78+20.58 18.94+20.4 0.925
SDNN 46.26+15.98 49.56+14.54 0.196 51.43£10.79 49.32+11.95 0.433
HF 5.90+0.92 6.04+0.92 0.382 6.26=0.60 6.20£0.73 0.683
LF 6.13+0.83 6.32+0.67 0.311 5.93%0.80 5.89+0.62 0.683
pNN50 58.19£16.25 54.80+13.16 0.311 51.30£10.17 53.53+11.04 0.397
RMSSD 34.08+18.90 37.47£18.53 0.055 45.51£18.51 46.68+17.42 0.975
SDSD 42.32+23.06 46.02+£21.88 0.055 54.60+20.46 56.45+19.94 0.875

Values were number or meanzstandard deviation.

SDNN:standard deviation of all normal-to-normal (NN) intervals:TPlog:log-transformed total power:pNN50:the
proportion derived by dividing NN50 by the total number of NN intervals: HF:high frequency:RMSSD :the root
square of successive differences:SDSD :standard deviation of differences between adjacent NN intervals:

Statistical significances were calculated by Wilcoxon's signed rank test. * p<0.05

782



V. DE  ZE

Caffeine> 3}k CsHyO:NoZ FAE FA
Gz ol = FHgHEo|d) I HEE Ml A
| Fxelw, Hepao] AFe| 1~15%, §%°
b ol 1~5%, 99 ot=z&]7}e 2=} duljel 3%.
sletatol 9] wie|Ae] 1~2%, HepAe] Folzh}
Zajo] 3~5% EAS= TRA HRoz WAl
At AAo|d). caffeine> ALSHIR LS §h,
- A AT AR F3A7 A HAA
< 719, Sondermeijer S caffeine -4}
HRVS @A Ao Hhat ATl A caffeine] AAA
il o s o e o] i i o B e o =
ZE AL S Bk 5+ L S

2 r‘“

e
>,

Aluh o] = (Heart rate variability) = AA
R-R interval) 9] A7t wW5& A, A
E

g

7]

gt
A& 2’ HRVS 24 vefepd 245w
gt AAE QT 7Zt4ee 93ud, 97154, o
3t Aol AEAY FAS T55 FkA, &
HEY BME Fd opEA 955 (MSA), I2E
W, SRl HdF Ao o] zwtel] ARE-gH
=3 AAS A 22417 el o] At AR
A, HRVAIZE e3¢ Ao Aluba 5o o
& AubAel AL dFAT 2k 2 Eaal
73] 33l o3 ARE A v Fo8
odd EAWS dAT Fag AW AAdA
12E SAsE WyoE, A4 R-R 1449 A
7t RS Fug ARz BXFORH At
met Wi 43 FI4 EAS HeFH
power spectrum BAE Bl wiAAZ Ragt
A7 B RS B& 4 A 7] HRVH
At M= X“} 1e] HRVE A3t Jehe

43L& BAM3ly, F3o] e A3e =
i HRVE F2 AHgsiodrta ga”, H2de
ALALZM So) 79} 7ro] SfEolu} %Jgi ‘?J_
28 w};}% = AdlelA e HRVA Hss

e Zoz wAHT Yo w3 Pl A2 ’o‘%

r,

Kisiss . OFRMN . LIX|A - AFol5 « ZIEHS] .« Ao A

Z;
AFeA wejy
HAse Aoz QT whsko] Wsksly 9o
A AeA Jehdes Wis 245t 3135
o, 1 A8 &dF AFNA e A= HS
IR ARHA Qv 7|E dTelA AHH
g9 54 7ol A 23} ldx
odelzl do| wom o] F WEIN(PCEH-S Fhkiz
DR REZ, LR, SRR 2371 o
I FE LR, B, L Ko, e, B R
iR 5¢ 23, Middlekauff 59 F13)5 A
BA ﬂx}oﬂ A olFAR A%, K&, AR A
A ~EHGAR Qs wikal7 A3}
a%izi A9 41, LY 5 R/
Igg],)r /E,v/nz;qg AL vFAE BT

°] HRVA T AE A
Ve

A7 B TS JA|sH T B e
Caffeln = A7 AAAC et 235 Hol
22 AEAAAC S uAA ek J=]2 |

R F 7‘]2 I u|FAAY Y3 2AH=
A7V 57N, ash7)gelel sl 71Ee AT
A AN A AA T WaE Fe A9E B
o}, HRVE AlAbE7]e HES BA st #p-8&4]
7421]4 W3l ARA HYAor AT 4 9l
Folck. HRVS AHAA A 59 B4 st
2 e w4 Aest 989 B 9
ANE7} F2 o|2ejA T Qg I F A A&
HRVS #aA 7= A7 Aol A A28 =
HRVel Yehtes 432 w438 a3 7'y &
S “H’:}E"i HR 2 =23 R A7}
gdom, geke A%t 3 4 27]7e) ZA HRV
Ao W3le 3 17—3]_ ‘_‘r7} AEE T 9}\:]_14.
Jg A7 Al A A A& & wEE
Fas A AF ol Ao A3 e Joy
7|1A& g =y 2o HAA T, o] WAL
gfo] <Al Az} IES T ARV|ER F&
olshais HellA Al 2A7F et o] 9} 22
ez Ho Aed xS sy o

~¢

rlr nP‘

fu

783



7t 2lol HRVOIl ol x| P&mt W2k AHEo| Zofof et ofn|ed7 - Ak O|SWHAIE

o,
rlr
Pt
v
rlu
fot
<
it
)
it
>
b
%o,
4
rlr
o,

TJHA 2 dFelre ALAAAN FFs F
A gubH o2 AREEE AFSH okE9l caffeine
AREEted AlAe] AAbe] obd dAF WStE
7PALA g F GA] AL A WstE Yo
v AR Hyy gzl AREe] AX 8] v
A Ao AgA A wWEE FUEAE
HRVE st} o

DI D TIME 2 A 5 2T o]l
o, AlY 2% g2E AR st old #EA
o2 AYPF 139 d2E 149 AHS 289
o},

Caffeine®] FeJaFol sloir] Alqel| st vk
& do7)v AAFE A Y3l g5 7
o] steh. dubgez YFAT H2H150 mL)el
2339 caffeine®] %2 o 120 mg Eoln, A2
E A9 32H150 mL) ol & 70 mg, 150 mge] A}
o+ <F 70 mg 360 mLe Z=hell= 30~60 mgel
E35 o] T, Caffeine> 43 AF 4H5% F 9
o} Ao A A3 FEm Wby dE, 2
7Vef RS S caffeine ThAtel] S A=
2 7}A] 8.9lol o5ted vhefsiAl vehdel 27
Aele] A% 2 4647 Az, T3 ek
248 oAdAE 5-10A7 AER Zrleta,
QAR Ao g o-11AL AEst A2
webr] 71E caffeined} HRV 33 =FojA] Fof
2 L8 ZAx3le, caffeine AA 200 mgoZE
Fogs AAsgd =3 Av FRAE 129
gted Fof T 1A FAE FHEH & F HRV
2 Z2A 5= dl9lon caffeined] AAEHS F
3}st7] 918kl FEA ] B4 =S 39l

AL 2 ZF 5849 HRVEAA
7 93 A7)t glgle, B4 3 =43 23}
HRVAN = o & 7hll 28 Zhel& gloiM &
Aol FrEYH. 22k HRVAIA of <& 3t

wle

XN
=

& o

o o

784

FAYE o fo8A W3st 352> mean R-R,
mean HRV, SDNN, TPlog, VLF, HF, TP,
HRVindex, pNN50, RMSSD, SDSDel%ith
caffeine &8 ¥ Mean-RR> #2984 =713l
Mean-HRVE 23 Zhastod e, o)+ & <
Foll A caffeine 5§ ¥ A PFAE2 AA wHFel
rEFSE Yu|dd oA A AYE Y &
S3HA] g AFEE AT oR 3l gt
Ab=gl Albbgee] 271 A8ES ¥ 718 Sondermeijer
el ezt guEE ARed I W.
Stephen 5= &l 350-700 mLe AIE £33

lo
[
ek

g
o2 vRAE AFES Ao st Alutg W3
£ 343 234 caffeines H83 F 4537 A
gt H2 gRaste] Sk fo’t Aol
vehd o] caffeine 58 & A7t Aagdgy B
et I8 22 caffeine 28 F Al 47}
F7htee A7t slev Hh At g =
Wslel&s B ydt Lane®™e RIE glomz
caffeinezt Aol F7tel g AL =HFol
AelA o W A7t desiea £,

TJutel] dde] AE EH 2 & uf caffeined-4
< 54" AA F70e AA z2A ANEE =
2 3 AEAAE Aub ez FAstele &
A5 BAES FHIE ez dehdg
E3) HF7} 2718 Aoz B o Bu7t 2149 &
AEZF S7HE S eddHa & 4 gled B
o 4184 e #el HFlogd normHFIME Z

7F8E7] glont foJ3 WskE Mol domz 9
n)7} oksietl, whebA caffeine -4 £ AT 3
A EAEAN A A4S ARk el &4 s}e} 4l7]
5 s 9 Ak Al 29E Bk

A AF AGFA Fo8t WsE JeptA
okoltl, tizFolME AE B oA mean R-R,
mean HRV7} 7t4dbs AHE 7PASHEH o A2
Aubge] el 31 gef o] Ao on &
S L i = 1 ) R I S I iR
Mann-Whitney U test® A8 Az} o4&



A5k 23ich 229 caffeine ¥4 ¥ AR 2
s HRVAl M ZA o3t wisE do7)A] £3
=5 & $ Ak
A Agel M Folgt A5 AR FarAA R &
A a3t 22 o7t e A geels
Aro 2 caffeine 8o AEAAA A wHE o
& HRVE o4, Aoz BT 3 AT
Ho|th, T8y FEZ uE AAE A e o
Alge] o7t QleAE A e Alxe
Aot} 8] HRVE 93] Ad 349 =
A
:;L
A

ol

o l"lf' oo & >

r1nc Mg Ao AuE Ao =
oz AAHoz g FHE AZIE ©
AHEE S90S At dE A EE 2 4
el
¥ AFE caffeinee] AA ] AL A | 12|
&S Felsly, AALAAA ] W3S §g
Algo] o] WEE doy)= AE s}
A+ AZstder. 28]3te] caffeinec] A AH-EAl
Aol gt g g} 9es AAsG o
Aol Wizte A&7 A ol AE B
shelala] Zalgdn). o) AFAA A =7+
29 shel, W91 A4, AL, AL
AA S A EA 7} A, duaTe EA
220 FAPAE YAl g dTE Al
#e] BAHAANA u|le A dA £

o.S'“.

o

i ozz do af go % o K & rr
L rulo
Sl

1. Katzung BG. $A<=]sh A& gkl sia 3.
2002, p. 566-7.

2. Waring WS, Goudsmit J, Marwick J, Webb DJ,
Maxwell SR. Acute caffeine intake influences
central more than peripheral blood pressure in
young adults. Am J Hypertens. 2003:16(11):

Kisiss . OFRMN . LIX|A - AFol5 « ZIEHS] .« Ao A

919-24.

3. Lane JD, Pieper CF, Phillips-Bute BG, Bryant
JE. Kuhn CM. Caffeine affects cardiovascular
and neuroendocrine activation at work and
home. Psychosom Med. 2002 Jul-Aug:64(4):
595-603.

4, Cowan MJ. Measurement of heart rate variability.
West J Nurs Res. 1995:17(1):32-48.

5. Kamath MV, Fallen el. Power spectral analysis
of heart rate wvariability: a noninvasive
signature of cardiac autonomic function. Crit
Rev Biomed Eng. 1993:21(3) :245-311.

6. Malliani A, Lombardi F, Pagani M. Power
spectrum analysis of heart rate variabillity: a
tool to explore neural regulatory mechanisms.
Br Heart J. 1994:71(1):1-2.

7. AFA, AN, 244, ZRFE, A
o}, X—l7]/ﬂ~ /\]2/\ o]l:tl_’s‘s‘_ /;:]1:1]- =
spectrum¥A o] <8k A Al zp-&4l
%37}, o gha &he) 8t 3%, 1997:21(5) :928-35.

8. a¥ed7l. AdgEA. AL ARAR 2000, p.
488-9.

9. Middlekauff HR, Hui K, Yu JL., Hamilton MA,
Fonarow GC, Moriguchi J, Maclellan WR, Hage
A. Acupuncture inhibits sympathetic activation
during mental stress in advanced heart failure
patients. J. Card. Fail. 2002:8(6) :399-406.

10. Li Z, Wang C, Mak AF, Chow DH. Effects of
acupunture on heart rate variabillity in normal
subjects under fatigue and non-fatigue state.
Eur J Appl Physiol. 2005:94(5-6) :633-6.

1. AAAL 25, wi7le, S A8, &8 A
7};0] AHAA AEHAE 7}5F Al9lo] Aluby o
ol wAE ok dgHAFEIA. 2004
21(5):227-39.

12 B, A A4, A, A4, ol
5. WAFERA] A8 Q) A2 Auhael e



FHe|elo] HRvoll ofx[= P&t Lk XEe

13. 4%

14

15.

16.

17.

18.

786

of mAE <J3 7.
105-12.

2005:22(3)

4ol X“W"H ZﬂT" o} u“:l.“i'iﬂ
A cdafel w3t onjdT: FASA o)
HAE. A3 LHMM“@W 2006:27(4) :836-43.
AR, AgF AAR, AR o5, LS
S TR o] Al A o) el] w]A]

shiku 2ts}s]#]. 2007:28(4) :717-26.

rle of
of
ok
=
r g

Task Force of the
Cardiology and the North American Society

European Society of

of Pacing and Electrophysiology. Heart rate

variability:  standards of measurement,
physiological interpretation and clinical use.
Circulation. 1996:93(5) :1043-65.

LaGow B. (ed.). PDR for herbal medicine
2004. Thomson PDR:213-6.

Sondermeijer HP, van Marle AG, Kamen P,

of Zuofl Cigk ofH|

19.

20.

2L

22.

2.

24.

25.

T 29| 0FUHAE

Krum H. Acute effects of caffeine on heart rate
variability. Am J Cardiol. 2002:90(8) :906-7.
Cowan MJ. Measurement of heart rate variability.
West J Nurs Res. 1995:17(1) :32-48.

R e s I Bt o i - B B B A
< LAETAE 2007, p. 172-86, 198-206.
Khan MG. Caffeine and the Heart. Encyclopedia
of Heart Diseases. 2006;189-91.

Ad, Seist AAE 3R SEepilo] Aldt
o] &(HRV)el wA& o3k jgh3l7sh3]A).
2004:21(6) : 37-50.

s, o)4s], £44 109, Aol 0% 2
o) HAA 2ER AT A 492 Alubio] o
nE ok ‘Hfﬂ%ﬂﬂ“%}ﬂﬂ. 2005:22(6) :173-80.
Bruns RF,Lug H, Pugsley TA. Adenosine
Receptor Subtypes:

r&.

Binding Studies. Topics
and Perspective in Adenosine Research.
Berlin, Heidelberg, New York. Springer; 1987,
p. 59-73.

Lane JD, Williams RB Jr.
cardiovascular responses to stress. Psychophysiology.
1985 Nov:22(6) :648-55.

Caffeine affects





